This study investigated the factors associated with success in meeting the dietary goals of the Polyp Prevention Trial (PPT), a 4-y low-fat, high-fiber, high-fruit/vegetable dietary intervention. The PPT provided a rare opportunity to assess factors in long-term adherence to a dietary pattern that required changes to multiple aspects rather than a single aspect of diet. Demographics, health indicators, and dietary intake were assessed at baseline and annually for 4 y of follow-up.
Introduction
The substantial threat to population health posed by obesity and dietary behavior is recognized worldwide. To prevent obesity and chronic diseases associated with diet generally requires that individuals make multiple dietary changes and maintain these changes over long periods of time. Because most dietary intervention studies span only a few months to a year and/or focus on a single dietary change, we have relatively little evidence upon which to develop interventions that support longterm adoption of healthy eating behaviors (1, 2) . Given the difficulty in implementing dietary interventions and maintaining diet change (3) (4) (5) , identifying the characteristics of individuals who are more likely to adhere is an important component not only of future trial-design to improve adherence and retention (2) but also to begin to understand the nonintervention factors associated with success.
This study examined the factors associated with participants achieving the 3 dietary intervention goals of the Polyp Prevention Trial (PPT) 10 . The intervention arm of the PPT provided education and counseling to support participants in making their own dietary choices to achieve a low-fat, high-fiber, high-fruit/ vegetable diet over the course of 4 y. Although the PPT dietary intervention showed no effect on colorectal adenoma recurrence during the 4 y of the trial (6, 7) , this intervention provided an opportunity to explore determinants of making and maintaining multiple long-term dietary changes that are consistent with recommendations for good health and chronic disease prevention in a free-living population.
We performed analyses on intervention group participants who completed yearly dietary assessment forms over the course of the study (n ¼ 833), examining a variety of baseline variables and trial behaviors. The study aims were to examine whether prospective data demonstrate that long-term dietary change is associated with: 1) sociodemographic characteristics; 2) baseline health behaviors and indicators; 3) baseline dietary intake of fat, fiber, and fruits/vegetables; and 4) adherence to the other trial requirements, including attendance at intervention counseling sessions, completion of forms and records, and contact with trial staff. We hypothesized that participants who were most successful at making the prescribed dietary changes would be more likely to exhibit a pattern of adherence to both generally accepted health practices at baseline as well as to the other trial intervention program requirements.
Materials and Methods
Overview of PPT design. The data for this study were drawn from the PPT, a 4-y, multi-center, randomized control trial. The design, methods, implementation, and outcome of the PPT were described in detail in previous publications (6) (7) (8) . The specific goals of the dietary intervention were to limit fat to 20% of energy intake and to consume at least 4.30 g/MJ of fiber (18 g/1000 kcal) and 0.84 servings/MJ of fruits/vegetables (3.5 servings/1000 kcal). Based on report of total energy intake at baseline, as determined by a dietary FFQ, individual goals were calculated for each participant as maximum fat intake, minimum fiber intake, and minimum fruit/vegetable intake. These goals were then communicated to each participant as his/her own target goals for daily intake of fat (consume no more than target g), fiber (meet or exceed target g), and fruits/vegetables (meet or exceed target servings). Participants randomized to the intervention group received extensive behavioral and nutrition counseling and support; success was measured annually with follow-up dietary FFQ. The study was approved by the Institutional Review Boards of the National Cancer Institute and each of the participating centers. All participants provided written informed consent at study entry.
The current study compared participants meeting vs. not meeting the target goals of the dietary intervention throughout the 4 y of the trial. Because the measure of success in meeting the goals of the trial was the FFQ, the main analyses included intervention participants who completed all 4 annual follow-up FFQ. These 833 participants represented 80.3% of those enrolled in the intervention arm at baseline.
Dietary intervention. Intervention participants engaged in an intensive nutrition education, support, and counseling program, delivered at each clinical center by registered dietitians who were trained in state-of-theart techniques for facilitating dietary behavior change. The intervention program consisted of 4 key elements: 1) nutrition skill building, 2) behavior modification, 3) self-monitoring, and 4) standardized nutrition and behavior modification materials. During year 1 of the trial, the intervention participants attended 19 counseling sessions. During year 2, the participants attended sessions every other month. Nutritionists also contacted the participants by phone at least once per month to monitor progress and to assist in resolving any adherence difficulties. During years 3 and 4, participants attended sessions quarterly and nutritionists contacted participants at least once monthly by phone. In addition to these sessions and contacts, 3 special intervention campaigns were launched during participant years 2-4 to boost adherence to 1 or more dietary goals. A more complete description of the intervention program and underlying strategies is published elsewhere (7, 9, 10) .
Baseline questionnaire. Each participant completed a health and lifestyle questionnaire at baseline assessing a variety of sociodemographic variables and dietary, health, and lifestyle practices.
Dietary assessments. Participants completed an FFQ (11) at baseline and yearly thereafter, which was reviewed by trained staff to ensure proper completion. Staff reviewing FFQ were not involved in that participant's dietary counseling. To serve as a comparison, dietary fat, fiber, and fruit/vegetable intake were also assessed using baseline and yearly follow-up 4-d food records (4DFR) analyzed on a 20% sample of participants, as well as unannounced 24-h dietary recalls (24-HR) administered to a random 10% sample of participants after year 1.
Serum biomarkers. Concentrations of 5 different carotenoids (acarotene, b-carotene, lutein/zeaxanthin, cryptoxanthin, and lycopene), a-tocopherol and g-tocopherol were measured on a random 40% sample of participants at baseline and at each year of follow up using HPLC in fasting serum samples (12, 13) .
Follow-up participation. During the trial, staff-documented participant involvement in and adherence to the intervention program, which included attendance at scheduled sessions (including rescheduled sessions), number of no shows, spouse attendance at meetings (number of sessions attended by a spouse or significant other), contacts with trial staff (session attendance plus nutritionist-initiated telephone contacts), and completion of self-monitoring dietary records (fully, partially, or not at all). As the number of scheduled sessions and records differed each year of the trial, the variables were analyzed as a proportion of total scheduled sessions, contacts, records, etc. Spouse attendance, partially completed records, and no shows were dichotomized as ''never'' vs. ''ever,'' whereas the remainder of trial participation variables were trichotomized as ,60%, $60% and ,100%, and 100%.
Dependent variable: measure of adherence with dietary goals. Because the current outcome of interest is participants' achievement of target goals, success at each yearly follow-up was defined as meeting or exceeding the goals communicated to participants at baseline, independent of energy intake at follow-up. Follow-up measures of fat (g), fiber (g), and fruit/vegetable consumption (servings) were therefore calculated as total daily consumption as reported in the annual FFQ. A composite index of success in meeting dietary goals was then determined across years and goals for the entire trial, calculated as a summary score from the 12 goals (3 goals for each of 4 y). Participants were designated as: 1) Poor Compliers ¼ met 0 to 3 goals; 2) Inconsistent Compliers ¼ met 4 to 8 goals; and 3) Super Compliers ¼ met 9 to 12 goals.
Analyses. Baseline characteristics of the intervention participants who were included vs. excluded in the primary analyses were compared using unadjusted t-tests or cross tabulation with chi-square tests. Dietary and serum differences across participant groups categorized by dietary adherence were determined by ANOVA. Associations between the composite index of adherence to dietary goals and the baseline and trial participation variables were analyzed using unadjusted cross-tabulation with chi-square tests, whereas continuous variables were compared using t-tests. Further, polychotomous logistic regression was used to examine the effect of baseline and trial participation variables on the trichotomous outcome variable of dietary success. We used a forward approach in which, starting with no regression terms, terms were entered into the model, 1 by 1, if they were significant at the 0.05 level. We also used a step-wise approach in which, in addition to adding significant effects, terms were removed from the model if they were not significant at the 0.10 level.
A grouped binomial regression was also conducted to determine whether our univariate findings would remain if we included participants with missing FFQ and if we modeled dietary adherence as a continuous rather than trichotomized variable. First, we included all participants in the intervention group with at least 1 FFQ post-baseline (n ¼ 961) rather than limiting the analysis to participants completing all 4 follow-up questionnaires. Adherence was defined as the sample proportion, that is, number of goals met out of total reported, modeled as a linear function (on the logit scale). Then a logistic regression for grouped data (allowing for over-dispersion) was performed for each baseline and trial participation variable, estimating the relation between each participants' proportion of intervention goals met and the covariate of interest. These results were compared with the original analyses to determine whether our results were an artifact of our participant categorization. For all reported tests, a P-value of ,0.05 was considered significant.
Results
Examination of adherence patterns for each of the dietary goals, fat, fiber, and fruits/vegetables found that a sizeable proportion of participants never met the goal for that dietary component over the 4 y of the trial (fat ¼ 29.7%, fiber ¼ 37.0%, fruit/ vegetable ¼ 20.1%) or always met the goal (fat ¼ 21.4%, fiber ¼ 23.7%, fruit/vegetable ¼ 33.4%). However, only 6.8% never achieved a single goal and only 4.4% consistently achieved all 3 goals across 4 y (12 goals total). Therefore, by defining Super Compliance as meeting 9 or more of the 12 goals and Poor Compliance as meeting less than 4, we more optimally captured the extremes of the adherence behavior patterns.
Comparison of included vs.excluded participants. Because success in meeting the dietary goals of the PPT was determined from yearly FFQ, we compared those with FFQ assessments at all 4 follow-up visits (n ¼ 833) to those in the intervention group not completing all FFQ (n ¼ 204). Of the 1037 intervention participants, the 833 who completed all 4 annual follow-up FFQ differed at baseline from the 204 who did not ( Table 1) . Those completing all dietary follow-up FFQ were more likely to be white, married, and never smokers. They also reported engaging in more hours of vigorous or moderate exercise and eating less fat and more fiber and fruits/vegetables at baseline. They were less likely to report that they prepared their own meals or purchased their own food and more likely to report eating more meals and snacks per day as compared with those participants who did not complete all follow-up FFQ.
Dietary comparisons with diet records and 24-HR. The mean FFQ-measured intake of the individual dietary components (fat, fiber, fruits/vegetables) within each of the categories of participant adherence (Poor Compliers, Inconsistent Compliers, and Super Compliers) was calculated at baseline and at follow up ( Table 2) . Because FFQ are subject to error (systematic and random), we also assessed dietary intake using 4DFR and 24-HR and found similar results across adherence groups with all 3 dietary instruments. As the FFQ slightly overestimated fat and underestimated fiber and fruit/vegetable consumption compared with 4DFR in the PPT (7, 14) , it provided a conservative estimate of dietary adherence. Chi-square analysis confirmed that on all dietary goal measures, participants categorized as Poor, Inconsistent, and Super Compliers show significant differences in the expected direction during the trial.
The Super Compliers also had lower intake of fat and higher intakes of fiber and fruits/vegetables at baseline (Table 2) but also reported the greatest changes in their diet during the trial. According to FFQ data, compared with baseline, during the trial they reduced energy contributed by fat by 14.5 percentage points, increased fiber intake by 2.67 g/MJ (11.2 g/1000 kcal), and increased fruit/vegetable consumption by 0.60 servings/MJ (2.5 servings/1000 kcal). These changes were significantly different from changes reported by Inconsistent or Poor Compliers.
Comparison of biomarkers. We also examined differences in biomarkers of dietary intake to provide a more objective assessment of some aspects of dietary change reported by participants. We calculated baseline, means (years 1-4) and changes from baseline for serum total carotenoids, g-tocopherol, and a-tocopherol (Supplemental Table 1 ). Baseline and mean serum total carotenoid concentrations differed among the 3 adherence groups, but changes in serum total carotenoids did not. Serum g-tocopherol, derived mainly from the consumption of cooking oils, differed among the groups at baseline and during the course of the trial, with the Super Compliers having the lowest mean concentrations during the study (geometric mean [95% CI]; 3.7 [3.4, 4.2] mmol/L) and the Poor Compliers having the highest [5.4 (4.9, 5.9) mmol/L]. Also, the change in serum g-tocopherol differed among the 3 groups, with the greatest decrease from baseline in the Super Compliers. Serum a-tocopherol concentrations and the change from baseline did not differ among the groups.
Univariate associations. We conducted chi-square analyses to explore the relation between baseline variables and participation in the intervention program with levels of adherence among participants who completed all FFQ ( Table 3) . Participants' reported level of adherence was found to significantly differ by 3 Completed all yearly FFQ: n ¼ 833. 4 Note: Column percentages do not always sum to 100% due to rounding and sample size varies slightly for some variables due to missing data. 5 Did not complete all yearly FFQ: n ¼ 204. 6 4.184 MJ ¼ 1000 kcal.
Adherence in the Polyp Prevention Trial 393 the following sociodemographics: age, education, marital status; baseline health indicators: weight pattern since age 18, smoking status; baseline dietary intake: energy-adjusted fat, fiber, and fruit/vegetable consumption. Super Compliers, were more educated and married and were more likely to report a history of stable or lost weight during adulthood and of never smoking. Those with lower levels of adherence were older, with participants aged 69-85 y showing the highest levels of ''poor'' adherence. Additionally, Super Compliers were more likely to be in the lowest quartile of fat intake and the highest quartiles of fiber and fruits/vegetables at baseline. Participant levels of dietary-goal adherence were also significantly associated with other indicators of trial participation (Table 3) . These associations included attendance at regularly scheduled sessions (years 1, 3, and 4), number of no shows (years 1 and 2), spouse attendance at meetings (year 2), contacts with trial staff (years 1, 3, and 4), number of sessions with all records completed (years 1-4), number of sessions with partial records submitted (year 1), and number of sessions with no records submitted (years 1, 2, and 3). These findings clearly demonstrate that participants reporting the most success in reaching their dietary goals were also more likely to adhere to the other intervention program requirements.
Polychotomous logistic regression. The baseline and trial participation variables were then modeled as potential predictors of overall dietary adherence through polychotomous logistic regression. All baseline and trial participation variables listed in the Methods section were allowed in the selection process. Both stepwise and forward-entry models were conducted, yielding identical results ( Table 4 ). All variables included in the final model were identified as significantly associated with the outcome in previous chi-square analyses (see Table 3 ), with the exception of ''primary shopper,'' where a trend was demonstrated for participants who bought their own food to report less success in meeting the goals of the trial when controlling for all other variables entered into the model (Table 4) .
Grouped binomial regression.
To determine whether the univariate associations would remain if we modeled dietary adherence as a continuous variable and if we expanded our participant sample, we repeated the analyses exploring the association of adherence with baseline variables and trial participation using a series of grouped binomial regressions (data not shown). We included all intervention group participants completing at least 1 post-baseline FFQ and we defined dietary adherence as a proportion of reported goals met. Significant inferences found in our original analyses remained significant when conducting the logistic regression with the proportional data, except for participants' weight pattern since age 18 y, which was no longer significant.
Discussion
Most dietary interventions have focused on a single dietary component such as fat and/or have spanned a time period of 1 y or less (1). The PPT is unique with its 3 simultaneous dietary goals sustained over a 4-y period. Participants reporting the greatest success in meeting the dietary goals of the PPT also demonstrated greater adherence to social norms for healthy lifestyles and adherence to the other trial intervention program requirements. We termed these participants ''Super Compliers'' as their pattern of adherence to intervention goals over the 4 trial years tended to generalize to other behavioral domains. Super Compliers were more likely to report no history of significant weight gain/fluctuation or smoking. They were more likely to be married, obtain greater educational levels, and report healthy eating habits, consuming less fat and more fiber, fruits/vegetables at baseline, while still making the greatest overall changes in these dietary components during the trial. They demonstrated greater general participation throughout the trial, including attendance, contacts with staff, and completion of dietary records.
The measure of success in meeting dietary goals was through self-report using the FFQ. Because this may be subject to over-or under-reporting (15-19), we assessed dietary intake using 2 1 Values are means 6 SEM; n in brackets with differences between groups determined from ANOVA. 2 Dietary intake measured yearly and averaged over the 4-y follow-up. 3 Poor compliers ¼ total of 0 to 3 dietary goals met over trial period. 4 Inconsistent compliers ¼ total of 4 to 8 dietary goals met over trial period. 5 Super compliers ¼ total of 9 to 12 dietary goals met over trial period. 6 4.184 MJ ¼ 1000 kcal.
separate random subcohorts of all PPT participants. In 1 subcohort of 20% of all participants, we analyzed 4DFR yearly. For 24-HR we selected a different 10% random sample each year after year 1. All 3 types of dietary assessments showed similar intake and demonstrate a larger change in fat, fiber, and fruits/ vegetables in the Super Compliers. Because self-reported dietary intake is subjective, validation of dietary measures is of great interest (20, 21) . However, there are no clearly unambiguous biomarkers of fat, fiber, or fruit/ vegetable intake. Although serum carotenoids have been shown to be a marker of carotenoid-rich fruits and vegetables, not all fruits and vegetables contain carotenoids. Although the intervention group increased their consumption of fruits and vegetables, the major increases were from low-carotenoid sources, with the actual percent of carotenoid-rich fruits/vegetables decreasing during the trial (7) . The intent of the dietary intervention in the PPT was not to enhance carotenoid intake but to increase overall fruit/vegetable intake, increase dietary fiber, and decrease fat. A similar finding was demonstrated when an increase in fruit/vegetable intake from 3.3 to 5.2 servings/d (excluding potatoes) during a low-fat intervention was not sufficient to significantly increase blood carotenoid concentrations (22) . However, when carotenoid-rich fruits/vegetables are emphasized and the goals are 9 servings/d or greater, increases in plasma carotenoids can be substantial and plasma carotenoids can be used as a marker of fruit/vegetable intake (23) (24) (25) (26) .
Serum g-tocopherol, the predominate form of vitamin in dietary fats and oils, has been shown to be higher in those with a poor-quality diet compared with those with an excellent diet (27, 28) . Additionally, the decrease in g-tocopherol in Super Compliers is consistent with the recent findings from the Women's Health Initiative (WHI), which showed that women randomized to the low-fat intervention had significantly lower mean concentrations of g-tocopherol in plasma relative to those without low-fat intervention; a-tocopherol did not change (29) .
Previous research shows some consistency with our findings. Women's adherence to a low-fat diet in the WomenÕs Health Trial feasibility study was associated with educational session 1 Significance reported from chi-square test. Values are n (row %). Note: Row percentages do not always sum to 100% due to rounding and sample size varies slightly for some variables due to missing data. 2 Success in meeting goals determined by participants' report in yearly FFQ. 3 Only significantly different characteristics are listed. The baseline characteristics that were tested but found to be insignificant were sex, race, BMI, family history of colon cancer, alcohol consumption, vigorous or moderate exercise, waist-to-hip ratio, primary cook, primary shopper, meals eaten per day, meals eaten out per week, and snacks eaten per day. 4 Poor compliers ¼ total of 0 to 3 FFQ goals met over trial period, n ¼ 250. 5 Inconsistent compliers ¼ total of 4 to 8 FFQ goals met over trial period, n ¼ 373. 6 Super compliers ¼ total of 9 to 12 FFQ goals met over trial period, n ¼ 210. 7 4.184 MJ ¼ 1000 kcal. 8 Only year 1 trial patterns that were found to be significantly different are listed. The trial participation pattern that was tested for year 1 but found to be insignificant is ''spouse attendance at meetings during year 1.'' Significant associations found in subsequent years of follow-up included attendance years 3 and 4, no shows year 2, spouse attendance year 2, contacts with trial staff years 3 and 4, number of sessions with no records completed years 2 and 3.
Adherence in the Polyp Prevention Trial 395 attendance, baseline dietary fat consumption, and college education (30, 31) . The WHI Study Group (32) subsequently reported women's adherence to a low-fat dietary pattern was associated with white race, higher income, and group session attendance, whereas older age and obesity were associated with poorer adherence. Further analysis of the WHI data indicated that a 10% increase in session attendance predicted a 1.2% decrease in percent energy from fat (33) . This analysis also found that participation in the dietary intervention mediated the effect of lower mental health scores on dietary adherence, and increases in physical functioning predicted increased session attendance, further highlighting the clustering of these behaviors. The Multiple Risk Factor Intervention Trial found that men's adherence to a low-fat diet was associated with white race, lower BMI, nondrinking, nonsmoking, fewer stressful life events, and eating out less often (34) . They also found that adherence improved with increasing age, with their oldest category cut-off at 55 y, consistent with our findings that optimal adherence occurred in participants in the 55-y to 61-y age quartile. With further age increases, we found decreased adherence. Other studies have also demonstrated that adherence to dietary interventions increases with self-monitoring (35, 36) . In the general population, a large nationally representative survey (37) found that women typically adhered to healthy lifestyle practices more than men and that adherence improved with increasing age, education, and income. Although the PPT, with its large sample size, provided a rare opportunity to assess health behavior adherence over a long time period (4 y) with multiple dietary changes (3 goals), some caveats should be noted. The PPT participants were mostly white, well educated, and over the age of 50 y. Participants had a colorectal adenoma removed before enrollment, providing a salient motivation for dietary change. Diet change was made within the context of a clinical trial, supported by trial staff, counseling sessions, and follow-up monitoring. Therefore, results may not be indicative of rates or predictors of success for interventions prescribed by physicians or attempted through 1 Results determined using stepwise and forward logistic regressions with 3 categories (never, mixed, always/super), results identical with both procedures. 2 Dietary goals represent a composite of the fat, fiber, and fruits/vegetable goals as determined by participants' report in yearly FFQ. 3 Poor compliers ¼ total of 0 to 3 FFQ goals met over trial period. 4 Inconsistent compliers ¼ total of 4 to 8 FFQ goals met over trial period. 5 Super compliers ¼ total of 9 to 12 FFQ goals met over trial period. 6 Variable sex included in all models as a covariate. 7 Baseline dietary intake adjusted for total energy intake. 8 Cut points for categories: low ,60%; mid .60% and ,100%; high ¼ 100%.
self-help programs. Additionally, many variables involve selfreport, including physical activity, weight pattern, and dietary patterns like number of daily meals/snacks typically eaten. Recall ability or bias in self-assessment may be differentially distributed across compliance categories. These findings do, however, inform dietary behavior change and may be applicable to preventive medicine strategies more generally, facilitating an understanding of associated factors related to dietary change. This may assist in devising better procedures for dietary interventions and adherence to clinical trial regimens (38, 39) . As behaviors tend to cluster into patterns that generalize across similar behavioral domains (37, 40) , it is important to identify patterns that predict adoption of health recommendations. The information gleaned from these investigations promises to shed light on patient adherence in research trials and physician practice. Understanding adherence patterns may also inform medical and health research findings more broadly by identifying the factors that confound associations seen in observational epidemiology but not subsequently replicated in large-scale randomized controlled trials (41) . A myriad of health-related behaviors cluster together and confound our best attempts to delineate cause-and-effect associations. Studies with motivated or convenience samples or studies that selectively recruit those most likely to adhere may have better outcomes due to higher proportions of Super Compliers, whereas studies with high attrition are likely to cull the poorest compliers, biasing the results in all instances. Perhaps the most promising way to make progress is in directly studying this clustering and the resulting patterns of behavior. The PPT Super Complier findings illustrate the importance of behavioral and contextual factors in determining motivation and potential for success in modifying diet or maintaining healthy eating patterns.
